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DEPLETION MOS TRANSISTOR AND
ENHANCEMENT MOS TRANSISTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from prior Japanese Patent Applications No. 2009-
131327, filed May 29, 2009; and No. 2010-029218, filed Feb.
12,2010, the entire contents ol both of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a depletion MOS transistor
and an enhancement MOS transistor.

2. Description of the Related Art

Conventionally known semiconductor memory devices
include an electrically programmable nonvolatile type. In
particular, NAND flash memories 1n which a plurality of
memory cells are connected together in series to form a
NAND cell are commonly used because these memories can
be highly integrated.

Each memory cell in a NAND flash memory has a MOS-
FET structure in which a floating gate (charge accumulation
layer) and a control gate are stacked on a semiconductor
substrate with an 1nsulating film interposed therebetween. A
plurality of memory cells are connected together in series
such that the adjacent memory cells share the source or drain.
The memory cells thus form a NAND cell connected to a bit
line as one umt. Such NAND cells are arranged 1n a matrix so
as to form a memory cell array. Memory cell arrays are
integrally formed on a p-type semiconductor substrate or 1n a
p-type well region.

In the NAND flash memory, a voltage higher than a power
supply voltage needs to be transferred to a control gate line 1n
a selected block. To transter such a high voltage to memory
cells, the conventional NAND flash memory includes a row
decoder circuit with a voltage conversion circuit configured
to convert the power supply voltage into a high voltage. Such
a configuration 1s disclosed in, for example, Jpn. Pat. Appln.
KOKALI Publication No. 2006-196061. Such a row decoder
generally includes plural types of MOS transistors such as a
high breakdown-voltage enhancement-type (E-type) n-chan-
nel MOS transistor, a high breakdown-voltage depletion-type
(D-type) re-channel MOS transistor, and a high breakdown-
voltage E-type p-channel MOS transistor.

Thus, 1t 1s important that these high breakdown-voltage
MOS transistors offer sufficient breakdown-voltages.

BRIEF SUMMARY OF THE INVENTION

A semiconductor memory device according to an aspect of
the present invention includes:

a memory cell array mcluding a memory cell transistor
with a charge layer formed on a semiconductor substrate with
a gate insulating film 1nterposed therebetween; and

a peripheral circuit including at least a first transistor,

wherein the first transistor includes:

a first gate electrode disposed 1n a surface of a semicon-
ductor layer with a first gate insulating film interposed ther-
ebetween;

a {irst channel region of a first conductivity type formed in
the surface of the semiconductor layer close to a region
located immediately below the first gate electrode, the first
channel region having a first impurity concentration;
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2

a first source region of the first conductivity type and a first
drain region of the first conductivity type each formed in the
surface of the semiconductor layer and each having a second
impurity concentration higher than the first impurity concen-
tration;

a {irst overlapping region of the first conductivity type
formed 1n the surface of the semiconductor layer immediately
below the first gate electrode where the first channel region
overlaps the first source region and the first drain region, the
first overlapping region having a third impurity concentration
higher than the second impurity concentration;

a first contact region of the first conductivity type formed 1n
at least a part of a surface ot each of the first source region and
the first drain region and having a fourth impurity concentra-
tion higher than the second impurity concentration; and

a first impurity diffusion region of the first conductivity
type formed 1n a partial region of one of the first source region
and the first drain region and having a fifth impurity concen-
tration higher than the second impurity concentration and
lower than the fourth impurity concentration, and

the first impurity diffusion region i1s formed in contact with
the first contact region and away from the first overlapping
region and positioned at least 1n a region between the first
contact region and the first overlapping region.

A depletion MOS transistor according to an aspect of the
present invention includes:

a gate electrode disposed on a surface of a semiconductor
layer with a gate 1nsulating film interposed therebetween;

a channel region of a first conductivity type formed 1n the
surface of the semiconductor layer close to a region located
immediately below the gate electrode, the channel region
having a first impurity concentration;

a source region of the first conductivity type and a drain
region of the first conductivity type each formed in the surface
of the semiconductor layer and each having a second impurity
concentration higher than the first impurity concentration;

an overlapping region of the first conductivity type formed
in the surface of the semiconductor layer immediately below
the gate electrode where the channel region overlaps the
source region and the drain region, the overlapping region
having a third impurity concentration higher than the second
impurity concentration;

a contact region of the first conductivity type formed 1n at
least a part of a surface of each of the source region and the
drain region and having a fourth impurity concentration
higher than the second impurity concentration; and

an 1mpurity diffusion region of the first conductivity type
formed 1n a partial region of one of the source region and the
drain region and having a fifth impurity concentration higher
than the second impurity concentration and lower than the
fourth impurity concentration,

wherein the impurity diffusion region 1s formed in contact
with the contact region and away from the overlapping region
and positioned at least 1n a region between the contact region
and the overlapping region.

An enhancement MOS transistor according to an aspect of
the present invention includes:

a gate electrode formed on a surface of a semiconductor
layer with a gate isulating film interposed therebetween;

a source region of the first conductivity type and a drain
region of the first conductivity type each formed in the surface
of the semiconductor layer and each having a first impurity
concentration;

a contact region of the first conductivity type formed 1n at
least a part of a surface of each of the source region and the
drain region and having a second impurity concentration
higher than the first impurity concentration; and
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an 1impurity diffusion region of the first conductivity type
tormed 1n a partial region of each of the source region and the

drain region and having a third impurity concentration higher
than the first impurity concentration and lower than the sec-
ond impurity concentration,

wherein the impurity diffusion region 1s formed 1n contact
with the contact region and positioned at least 1n a region
between the contact region and the gate electrode.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 11sablock diagram of a NAND flash memory accord-
ing to a first embodiment of the present invention;

FIG. 2 and FIG. 3 are a plan view and an equivalent circuit
diagram, respectively, of a NAND cell according to the first
embodiment;

FI1G. 4 and FI1G. 5 are sectional views taken along lines 4-4
and 5-5, respectively, in FIG. 2;

FIG. 6 1s an equivalent circuit diagram of a memory cell
array according to the first embodiment;

FI1G. 7 1s a circuit diagram of a row decoder according to
the first embodiment;

FI1G. 8 1s a plan view of a D-type MOS transistor according,
to the first embodiment;

FIG. 9 1s a sectional view taken along line 9-9 1n FIG. 8;

FIG. 10 1s a plan view of the D-type MOS transistor;

FIG. 11 1s a sectional view taken along line 11-11 1n FIG.
10;

FIG. 12 1s a graph showing the impurity concentration
distribution of the MOS transistor shown 1n FIG. 8 and FIG.
9.

FIG. 13 1s a graph showing the impurity concentration
distribution of the MOS transistor shown 1n FIG. 10 and FIG.
11;

FI1G. 14 1s a graph showing the concentration distributions
of phosphorous and arsenic 1n a semiconductor substrate of
the MOS transistor shown 1n FIG. 8 and FIG. 9;

FI1G. 15 1s a graph showing the concentration distributions
of phosphorous and arsenic 1n a semiconductor substrate of
the MOS transistor shown 1n FIG. 10 and FI1G. 11;

FIG. 16 to FIG. 19 are sectional views sequentially show-
ing the first to fourth manufacturing steps for D-type MOS
transistors according to the first embodiment and a compara-
tive example;

FIG. 20 and FIG. 21 are graphs showing the voltage-cur-
rent characteristics of the D-type MOS transistors according,
to the first embodiment and comparative example;

FIG. 22 1s a graph showing the resistance-breakdown-
voltage characteristics of the D-type MOS transistor accord-
ing to the first embodiment;

FIG. 23 1s a graph showing the resistance-breakdown-
voltage characteristics of the D-type MOS transistor accord-
ing to the comparative example;

FIG. 24 1s a sectional view of a D-type MOS transistor
according to a second embodiment of the present invention;

FIG. 25 1s a plan view of a D-type MOS transistor accord-
ing to a third embodiment of the present invention;

FIG. 26 1s a sectional view taken along line 26-26 1n FIG.
25;

FIG. 27 A 1s a timing chart showing various signals during
a write operation 1n a NAND flash memory operate according
to the third embodiment;

FIG. 27B 1s a plan view of the D-type MOS transistor
according to a modification of the third embodiment;

FI1G. 27C 1s a sectional view taken along line 27C-27C in
FIG. 27B;
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4

FIG. 28A 1s a plan view of an E-type MOS transistor
according to a fourth embodiment of the present invention;

FIG. 28B 1s a plan view of an E-type MOS ftransistor
according to a comparative example of the fourth embodi-
ment,

FIG. 29A 1s a sectional view taken along line 29A-29A 1n
FIG. 28A, and FIG. 29B 1s a sectional view taken along line
29B-29B 1n FIG. 28B;

FIG. 30A and FIG. 30B are graphs showing the impurity
concentration distributions of the MOS transistors according
to the fourth embodiment and the comparative example;

FIG. 31 A and FIG. 31B are graphs showing the concentra-
tion distributions of phosphorous, arsenic, and boron in semi-
conductor substrates for the MOS transistors according to the
fourth embodiment and the comparative example;

FIG. 32 to FIG. 35 are sectional views sequentially show-
ing the first to fourth manufacturing steps for the E-type MOS
transistors according to the fourth embodiment and the com-
parative example;

FIG. 36 1s a sectional view of the E-type MOS transistor;

FIG. 37 1s a graph showing the resistance-lifetime charac-
teristics of the E-type MOS transistor according to the fourth
embodiment;

FIG. 38 1s a sectional view of an E-type MOS ftransistor
according to a modification of the fourth embodiment;

FIG. 39 1s a sectional view of a D-type MOS ftransistor
according to a fifth embodiment of the present invention; and

FIG. 40 and FI1G. 41 are sectional views showing the con-
figurations of D-type MOS ftransistors according to a {first
modification and a second modification, respectively, of the
first to third embodiments.

DETAILED DESCRIPTION OF THE INVENTION

[First Embodiment]

A semiconductor device according to a first embodiment of
the present invention will be described taking a NAND flash
memory by way of example.
<(General Configuration of the NAND Flash Memory>

First, the general configuration of a NAND flash memory
according to the present embodiment will be described with
reference to FIG. 1. FIG. 1 1s a block diagram schematically
showing the configuration of the NAND flash memory
according to the present embodiment. As shown in FIG. 1, the
NAND flash memory includes a memory cell array 101, a bit
line control circuit (sense amplifier and data latch) 102, a
column decoder 103, an address bufter 104, a row decoder
105, a data I/O butfer 106, a substrate potential control circuit
107, and a voltage generation circuit 120.

The bit line control circuit 102 performs data write, data
read, data rewrite, and data verify read on the memory cell
array 101. The bit line control circuit 102 1s connected to the
data I/O butiler 106, and receives output from the column
decoder 103, which receives address signals from the address
butiter 104.

Furthermore, the row decoder 105 controls control gates
and select gates 1n the memory cell array 101. The substrate
potential control circuit 107 controls the potential of a p-type
silicon substrate (or a p-type well region) on which the
memory cell array 101 1s formed. Additionally, four types of
the voltage generation circuits 120 are provided to generate
voltages required for read, write, and the like and supplied to
memory cells and the like. Specifically, a write high-voltage
generation circuit 109 and a write intermediate-voltage gen-
eration circuit 110 are provided to generate a write high
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voltage VPGM (at most 20 V) and an intermediate voltage
VPASS (at most 10 V), respectively, during a data write
operation.

Moreover, a read intermediate voltage generation circuit
111 1s provided to generate a read intermediate voltage
VREAD during a data read operation. Furthermore, an erase
high-voltage generation circuit 112 is provided to generate an
erase high voltage VERA (at most 20 V) during an erase
operation.

The bit line control circuit 102 mainly includes a CMOS
tlip tlop and performs data latch for write, a sense operation
for read of the potential of a bit line, a sense operation for
verily read after write, and data latch for rewrite.

FIG. 2 and FIG. 3 are a plan view and an equivalent circuit
diagram, respectively, of one NAND cell portion i the
memory cell array 101. FIG. 4 and FIG. 5 are sectional views
taken along lines 4-4 and 5-5, respectively, 1n FIG. 2.

The memory cell array including a plurality of NAND cells
1s formed on a p-type silicon substrate (or 1n a p-type well
region) 11 surrounded by an 1solation oxide film 12. One
NAND cell will be focused on. In the present embodiment,
for example, a plurality of memory cells M1 (1 denotes a
natural number of 1 to 8) are connected together 1n series to
tform one NAND cell. Here, for convenience of description,
eight memory cells M1 are provided 1n one NAND cell. How-
ever, of course, the present embodiment 1s not limited to this
configuration.

Each of the memory cells M1 to M8 includes a stack gate
including a floating gate 14 (14,, 14, . . ., 14,) formed on the
semiconductor substrate 11 with a gate msulating film 13
interposed therebetween and a control gate 16 (=word line:
16,,16,, . .., 16,) formed on the floating gate 14 with an
insulating film 135 interposed therebetween. The memory
cells are connected together so that the adjacent memory cells
share an n-type impurity diffusion layer 19 (19,, 19, . . .,
19,,) serving as a source and a drain for the memory cells.
Thus, the memory cells are connected together 1n series.

Select gates 145,16, and 14, 16, , formed simultaneously
with the floating gate and control gate of the memory cell are
provided on the drain and source sides, respectively, of the
NAND cell. Thus, select transistors S1 and S2 are formed.
The surface of the semiconductor substrate 11 on which the
clements are formed 1s covered with an insulating film 17. Bit
lines 18 are formed on the 1nsulating film 17. The bit lines 18
are connected to the drain-side diffusion layer 19, at one end
of the NAND cell. The control gates 16 of the NAND cell
arranged 1n a row direction are formed so as to serve as control
gate lines CG(1), CG2), . . ., CG(8). The control gates
function as word lines. The select gates 14,, 16, and 14,
16, are disposed consecutively in the row direction so as to
serve as select gate lines SG(1) and SG(2).

FIG. 6 1s an equivalent circuit diagram of a memory cell
array 1n which NAND cells are arranged 1in a matrix as
described above. A group of NAND cells sharing the same
word lines and select gate lines and enclosed by a dashed line
in FIG. 6 1s called a memory cell block. During a normal read
operation and a normal write operation, one of the plurality of
memory cell blocks i1s selected (this memory cell block 1s
called a selected memory cell block).
<Configuration of the Row Decoder 105>

Now, the configuration of the above-described row decoder
105 will be described with reference to FIG. 7. FIG. 7 1s a
circuit diagram of the row decoder 105. In FIG. 7, a row
decoder circuit 5 included 1n the row decoder 103 1s located
on one side of each memory cell block 2 1n the memory cell
array 101. The row decoder circuit 5 includes transfer tran-
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(QN)) connected to control gate lines CG(1) to CG(8) and
select gate lines SG(1) and SG(2). In the circuit shown 1n FIG.
7, the MOS transistors QN0 to QN11 connected to the control
gate lines CG(1) to CG(8) and select gate lines SG(1) and
SG(2) are all of an enhancement-type (hereinatter referred to
as E-type) n-channel high breakdown-voltage type. The MOS
transistors QINO to QN10 have a breakdown-voltage that 1s at
least higher than the memory cell M, the select transistors S1
and S2, and low breakdown-voltage transistors (LNDs
described below or the like). Each of the MOS transistors
QN0 to QN10 includes a gate msulating film with a film
thickness larger than those of msulting films 1n the memory
cell M1, the select transistors S1 and S2, and the transistor
LND. Furthermore, each of the transistors QN1 to QN8 1is
connected to a corresponding one of the control gate lines
CG(1) to CG(8).

That 1s, current paths 1n the n-channel MOS {transistors
QN1 to QN8 are connected between the respective control
gate lines CG(1) to CG(8) and respective signal input nodes
CGD1 and CGD8 of the control gate lines CG(1) to CG(8).
Furthermore, current paths in the MOS transistors QN0 and
QN9 are connected between the select gate line SG(1) and
respective signal mput nodes SGD and SGDS. Moreover,
current paths 1n the MOS transistors QN10 and QN11 are
connected between the select gate line SG(2) and respective
signal input nodes SGS and SGDS.

Furthermore, the row decoder 105 includes a voltage
switching circuit 54 A configured to set gate voltages for the
MOS transistors QNO to QN11 to switch the voltages of the
control gate lines CG(1) to CG(8) and the select gate lines
SG(1) and SG(2). The voltage switching circuit 54 A outputs
an output voltage OUTPUT with a magnitude that varies
depending on the switching of an mnput voltage INPUT and a
control signal BSTON, to an output node N10. The 1put
voltage INPUT 1s set to a power supply voltage Vdd 1f the
voltage switching circuit 54 A selects the memory cell block 2
connected to the voltage switching circuit 54 A or to a refer-
ence voltage Vss (<Vdd) 1t voltage switching circuit 54A
unselects the memory cell block 2. Additionally, the inverted
signal /INPUT of the input voltage INPU'T 1s mput to a node
N20, that 1s, the gate of the MOS transistor QN9 and QN11.
Thus, only one of the MOS transistors QNO and QN9 is
clectrically continuous. Similarly, only one of the MOS tran-
sistors QN11 and QN9 1s electrically continuous.

In FIG. 7, 1instead of each of the n-channel MOS transistors
QN to QNI11, a transfer gate including a p-channel MOS
transistor and an n-channel MOS transistor connected 1n par-
allel may be formed for each control gate or select gate.

The voltage switching circuit 54A includes transistors
HND1 and HP between an output node N10 and a power
supply node VRDEC,; the transistor HP 1s connected 1n series
with the transistor HND1 via a node N2 (source of the tran-
sistor HND1). The transistor HNDI1 1s a high breakdown-
voltage, depletion-type (hereinafter referred to as D-type),
n-channel MOS transistor. The transistor HND1 has a thresh-
old voltage Vth (HND1) with a negative value. The transistor
HP 1s a lhigh breakdown-voltage, E-type, p-channel MOS
transistor. The transistor HP has a threshold voltage Vth (HP)
with a negative value.

The transistor HND1 has a drain connected to the power
supply node VRDEC, a source connected to the source of the
transistor HP via the node N2, and a gate to which the output
voltage OUTPUT 1s positively fed back. The transistor HND1
needs to offer a high breakdown-voltage because a high volt-
age 1s applied to between the source and the drain and to
between the source and the gate. Thus, 1n the transistor
HND1, the gate insulating film 1s formed to be thicker than 1n
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low breakdown-voltage transistors (LNDs described below)
by, for example, forming the distance between the gate and a
contact to be longer than 1n the low breakdown-voltage tran-
sistors. Furthermore, the threshold voltage Vth (HND1) has a
negative value (D-type) so as to allow a high voltage applied
to the power supply node VRDEC and gate to be transierred
to the node N2.

Furthermore, 1n the voltage switching circuit 54 A, inverter
circuits INV1 and INV?2, an n-channel MOS transistor LND,
and an n-channel MOS transistor HND2 are connected
together 1n series between the node N9, to which the input
voltage INPUT 1s mput and the node N10; the n-channel
MOS transistor LND offers a low breakdown-voltage and 1s
of a D-type (that 1s, the n-channel MOS transistor LND has a
negative threshold voltage Vth (LND)), and the n-channel
MOS transistor HND?2 (with a negative threshold voltage Vth
(HND?2)) offers a higher breakdown-voltage than the MOS
transistor LND, and 1s of the D-type. The transistors LND and
HND?2 include a gate to which the control signal BSTON 1s
applied and as a whole form a switching circuit. Since the
MOS transistor HND2 offers a higher breakdown-voltage
than the MOS transistor LND), the gate insulating film 1n the
MOS transistor HND?2 1s larger than that 1n the MOS transis-
tor LND.

A low voltage generated at the output node N10 may be
applied to the gate electrode of the transistor HND1. Thus, the
transistor HND1 needs to offer a high intrinsic breakdown-
voltage at which the transistor 1s completely destroyed. On

the other hand, the potential difl

erence between the source
and drain of the transistor HND1 1s not so large. Thus, the
transistor HND1 need not offer a high soft breakdown break-
C own-voltage In contrast, while the transistor HND?2 1s off,
there 1s a large potential difference between the source and
drain of the transistor HND2. Thus, the transistor HND?2
needs to offer a high soft breakdown breakdown-voltage.

As described above, the voltage switching circuit 54A
includes the D-type n-channel MOS ftransistors HND1 and
HND?2 and the E-type p-channel MOS transistor HP as high
breakdown-voltage MOS transistors.

On the other hand, the MOS transistors QN0 to QN11 in
the row decoder 5 are E-type n-channel MOS transistors.
Thus, transistors in different forms are included in peripheral
circuits configured to control the memory cell array 101, as
high breakdown-voltage MOS transistors. In particular, the
high breakdown-voltage D-type n-channel MOS transistors
include those that need to offer an intrinsic breakdown-volt-
age and those that need to offer a soit breakdown breakdown-
voltage.
<Configuration of the MOS Transistors HND1 and HND2>

Now, the configuration of the MOS transistors HND1 and
HND2 will be described with a comparative example which 1s
a high breakdown-voltage D-type n-channel MOS transistor.
The MOS transistor used as each of the MOS transistors
HND1 and HND2 is hereimnafter referred to as a first MOS
transistor. The MOS transistor according to the comparative
example 1s heremnafter referred to as a second MOS transistor.
The first and second MOS transistors undergo channel
implantation in order to adjust the threshold voltage. In the
comparative example (second MOS transistor), the D-type
n-channel MOS transistor 1s subjected to channel implanta-
tion all over the active area, including a region 1n which the
source/drain diffusion region 1s formed.

In contrast, 1n the first MOS transistors HND1 and HND?2,
the D-type n-channel MOS transistor 1s subjected to channel
implantation only in the surface of a semiconductor layer
close to a region located immediately below the gate elec-
trode. Here, the term “close to a region located immediately
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below” means that a channel region obtained by channel
implantation 1s formed to be slightly larger than the area of the
gate electrode and to project from the end surface of the gate
clectrode by 10 nm to 1 um 1n the direction of a current path.
Thus, the channel region and the source/drain diffusion
region overlap in a small region located immediately below
the end surface of the gate electrode. The overlapping portion
1s hereinafter referred to as an “overlapping region”. The
overlapping region has a larger impurity concentration than
the source/drain diffusion region.

Furthermore, 1n the present embodiment, a contact region
with a high impurity concentration 1s formed 1n the source/
drain diffusion layer. The contact region 1s designed to con-
nect the source/drain diffusion layer to a contact plug. More-
over, an n-type impurity diffusion layer 1s formed in the
source/drain diffusion layer so as to extend from a side sur-
face of the contactregion atleast by 10 nmto 1 um to surround
the contact region. The impurity diffusion layer has a higher
impurity concentration than the source/drain diffusion layer
and 1s formed away from the overlapping region.

A detailed description will be given below.
<<Planar and Sectional Configurations>>

First, the planar and sectional configurations will be

described with reference to FI1G. 8 to FIG. 11. FIG. 8 1s a plan
view ol the first MOS transistors HND1 and HND2 according
to the present embodiment. FIG. 9 1s a sectional view taken
along line 9-9 1n FIG. 8. FIG. 10 1s a plan view of a second
MOS transistor according to a comparative example. FIG. 11
1s a sectional view taken along line 11-11 in FIG. 10. The
peripheral circuit for the NAND flash memory according to
the present embodiment may 1nclude not only the first MOS
transistor but also the second MOS transistor.

In the figures, symbols “+” and “-" following “n” indicate
relative impurity concentrations. That 1s, an n™-type contains
a higher concentration of impurities than an n-type. An
n~-type contains a lower concentration of impurities than the
n-type. An n~ -type contains a lower concentration of impu-
rities than the n™-type.

The first MOS transistor will be described with reference to
FIG. 8 and FIG. 9. As shown 1n the figures, an element region
AA 1s provided which 1s surrounded by an 1solation region
STI. The first MOS transistor HND1 or HND2 1s formed on
the element region AA.

The first MOS transistor HND1 or HND2 includes a
source/drain diffusion region 21, a channel region 22, an
overlapping region 24, a contact region 23, an impurity dif-
fusion layer 27, a gate insulating film 235, and a gate electrode
26.

The source/drain diffusion region 21 is formed 1n the sur-
tace of the p-type semiconductor substrate 1 and 1s an n™ -type
impurity diffusion layer. The source/drain diffusion region 21
functions as the source or drain of the first MOS transistor
HND1 or HND2. When the source diffusion region and the
drain diffusion region are distinguished from each other, the
source/drain diffusion region 21 1s called the source diffusion
region 21 or the drain diffusion region 21. The source difiu-
sion region 21 and the drain diffusion region 21 are formed
away from each other 1n the surface of the semiconductor
substrate 1. These diffusion regions are formed by implanting
ions 1nto the gate electrode 26 1n a self-aligned manner. The
type of impurity used for 1on implantation 1s, for example,
phosphorous.

The gate electrode 26 1s formed on the semiconductor
substrate 1 between the source diffusion region 21 and the
drain diffusion region 21 with the gate insulating film 25
interposed therebetween. Furthermore, the gate electrode 26
1s disposed to traverse the element region AA.
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The channel region 22 1s formed only 1n the vicinity of the
region located immediately below the gate electrode 26 and
the gate mnsulating film 25. The channel region 22 also has a
s1ze such that the channel region 22 projects from the ends of
the gate electrode 26 by 10 nm to 1 um. The channel region 22
1s ann~-type impurity diffusion layer having a lower impu-
rity concentration than the source/drain diffusion region 21
and 1s formed by 10n 1implantation.

Impurities for the 1on implantation for formation of the
channel region 22 are different from, for example, those for
the source/drain diffusion region 21, in order to make shal-
lower. For example, arsenic (As) 1s used. Owing to the pres-
ence of the channel region 22, the D-type MOS transistor has
a threshold voltage of at most O V. That 1s, even 11 the gate-
source voltage 1s 0V, a channel 1s formed.

In the overlapping region 24, the source/drain diffusion
region 21 and the channel region 22 overlap. As described
above, the channel region 22 projects from the end of the gate
clectrode 26 by 10 nm to 1 um. Thus, the channel region 22
overlaps the source/drain region 21 to form the overlapping
region 24. The source/drain diffusion region 21 may also be
located 1n a region immediately below the gate electrode 26.
In this case, the overlapping region 24 1s also formed in the
region 1immediately below the gate electrode 26. Thus, the
overlapping region 24 1s an n-type region having a higher
impurity concentration than the source/drain diffusion region
21 and the channel region 22. The overlapping region 24
contains different, plural types of impurities, that1s, the impu-
rities (P) in the source/drain diffusion region 21 and the
impurities (As) in the channel region 22.

The contact region 23 1s formed in each of the source
diffusion region 21 and the drain diffusion region 21. The
contact region 23 1s an n”-type impurity diffusion layer
tormed by 10n 1implantation of the same impurities as those 1n
the channel region 22, for example, arsenic and has a higher
impurity concentration than the source diffusion region 21
and the overlapping region 24. Furthermore, the contact
region 23 1s formed away from the overlapping region 24.
Contact plugs CP1 and CP2 are disposed on the contact
region 23.

The impurity diffusion layer 27 1s formed in each of the
source diffusion region 21 and the drain diffusion region 21.
The impurity diffusion layer 27 1s an n-type impurity difiu-
sion layer formed by 1on implantation of n-type impurities
and has an impurity concentration that is higher than those of
the source diffusion region 21 and the channel region 22 and
lower than that of the contact region 23. Furthermore, the
impurity concentration in the impurity diffusion layer 27 may
be the same as or higher than that of the overlapping region
24. Additionally, the impurity diffusion layer 27 1s formed 1n
contact with the contact region 23 and so as to the surround
the periphery of the contact region 23 in the plane of the
semiconductor substrate 1. The impurity diffusion layer 27 1s
also formed away from the overlapping region 24.

Here, the impurity diffusion layer 27 may be formed by
superimposing the source/drain region 21 onto the channel
region 22. In this case, the impurity concentration in the
impurity diffusion layer 27 1s almost the same as that of the
overlapping region 24. The position of the bottom of the
impurity diffusion layer 27 is also almost the same as that of
the bottom of the overlapping region 24. The impurity distri-
bution 1n the impurity diffusion layer 27 1s also almost the
same as that 1n the overlapping region 24. However, since
impurities diffuse from the contact region 23 by thermal
diffusion, the following 1s possible: that 1s, that the impurity
concentration in the impurity diffusion layer 27 1s higher than
that of the overlapping region 24, and the position of the

5

10

15

20

25

30

35

40

45

50

55

60

65

10

bottom of the impurity diffusion layer 27 1s deeper than that of
the overlapping region 24, thus the impurity distribution in
the impunity diffusion layer 24 1s different from that 1n the

overlapping region 24.
In FIG. 9, the above-described regions 22 to 24 and 27 and

the gate msulating film 25 are formed 1n the surface of the
semiconductor substrate 1. However, the present embodi-
ment 1s not limited to this example. The above-described
regions 22 to 24 and 27 and the gate insulating film 25 may be
formed, for example, 1n the surface of a p-type well region
formed on the surface of the semiconductor substrate 1.

Now, the configuration of the second MOS transistor will
be described with reterence to FIG. 10 and FIG. 11. The
second MOS transistor 1s also used in the NAND flash

memory shown 1n FIG. 1 and used 1n, for example, the row

decoder 105 (this 1s not shown 1n the drawings).
As shown 1n FIG. 10 and FIG. 11, an element region AA 1s

provided which 1s surrounded by an 1solation region STI. The
second MOS transistor includes a source/drain diffusion
region 31, a channel region 32, a contact region 33, a gate
insulating film 35, and a gate electrode 36.

The source/drain diffusion region 31 is formed 1n the sur-
tace of the p-type semiconductor substrate 1 and 1s an n™ -type
impurity diffusion layer. The source/drain diffusion region 31
functions as the source or drain of the second MOS transistor.
In case, the source diffusion region and the drain diffusion
region are distinguished from each other, the source/drain
diffusion region 31 1s called the source diffusion region 31 or
the drain diffusion region 31. The source diffusion region 31
and the drain diffusion region 31 are formed away from each
other 1n the surface of the semiconductor substrate 1. These
diffusion regions are formed by implanting 10ons 1nto the gate
clectrode 36 1n a self-aligned manner. The type of impurity
used for 1on implantation 1s, for example, phosphorous.

The gate electrode 36 1s disposed on the semiconductor
substrate 1 between the source diffusion region 31 and the
drain diffusion region 31 with the gate nsulating film 35
interposed therebetween. Furthermore, the gate electrode 36
1s disposed to traverse the element region AA.

The channel region 32 1s an n™ " -type impurity diffusion
layer formed 1n the surface of the semiconductor substrate 1
and has a lower impurity concentration that the source/drain
diffusion region 31. Impurities for the ion implantation for
formation of the channel region 32 are different from, for
example, those for the source/drain diffusion region 31. For
example, arsenic (As) may be used.

The contact region 33 1s formed 1n each of the source
diffusion region 31 and the drain diffusion region 31. The
contact region 33 is an n*-type impurity diffusion layer
formed by 10n implantation of the same impurities as those 1n
the channel region 32, for example, arsenic and has a higher
impurity concentration than the source diffusion region 31.
Contact plugs CP3 and CP4 are formed on the contact region
33.

That 1s, the second MOS transistor corresponds to the first
MOS transistor from which the impurity diffusion layer 27 1s
omitted. Moreover, the overlapping region 24 1s omitted from
the first MOS transistor, and the channel region 22 1s formed
all over the element region AA. In other words, the overlap-
ping region 1s formed all over the surface of the source/drain
region 31. Thus, the impurity concentration in the surface of
the source/drain diffusion region 31 is higher than that of the
channel region 32. Hence, in other words, since in the first
MOS transistor, the source/drain diffusion region 21 does not
overlap the channel region 22 except for the overlapping
region 24, the impurity concentration in the source/drain dit-
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fusion region 21 of the first MOS transistor 1s lower than that
of the source/drain diffusion region 31 of the second MOS
transistor.

<<Impurity Concentration Distribution>>

Now, the impurity concentration distributions of the first
and second MOS transistors will be described. FIG. 12 1s a
graph showing the distribution, along a channel length direc-
tion, of the maximum values (peak concentrations) of the
n-type impurity concentration D 1n the regions 21 to 24 and 27
of the first MOS transistors HND1 and HND2 according to
the present embodiment shown in FIG. 8 and FIG. 9. Further,
FIG. 13 1s graph showing the distribution, along the channel
length direction, of the maximum values (peak concentra-
tions ) of the n-type impurity concentration D 1n the regions 31
to 34 of the second MOS transistor shown in FIG. 10 and FIG.
11.

As shown 1n FIG. 12 and FIG. 13, 1n the first MOS tran-
sistors HND1 and HND?2, the presence of the impurity diffu-
sion layer 27 makes the impurity concentration at the periph-
ery of the contact region 23 higher than that of the source/
drain diffusion region 21. In other words, the gradient of a
variation in the mmpurity concentration from the contact
region 23 through the source/drain diffusion region 21 1s
gentler than that 1n the comparative example.

FI1G. 12 shows a distribution with a step between the con-
tact region 23 and the impurity diffusion layer 27, for the sake
of convenience. However, 1n actuality, the boundary between
the contact region 23 and the impurity diffusion layer 27 1s
curved such that the impurity concentration decreases gradu-
ally from the contact region 23 toward the impurity diffusion
layer 27.

This also applies to the step between the impurity diffusion
layer 277 and the source/drain diffusion region 21. In actuality,
the boundary between the impurity diffusion layer 27 and the
source/drain diffusion region 21 1s curved such that the impu-
rity concentration decreases gradually from the impurity dif-
tusion layer 27 toward the source/drain diffusion region 21.

Moreover, 1n the first MOS transistors HND1 and HND?2,
the presence of the overlapping region 24 makes the impurity
concentration at the end of the channel region higher than that
in the source/drain diffusion region 21.

In the regions 21 to 23 and 37 of the first MOS transistors
HND1 and HND2, the maximum value (peak concentration)
of the impurnity concentration and a junction depth are as
follows, by way of example. The channel region 22 has a peak
concentration of 1x10" to 5x10"" [cm™] and a junction
depth of at most 300 [nm]. The source/drain diffusion region
21 has a peak concentration of 5x10"” to 3x10*® [cm™] and a
junction depth of at most 250 [nm]. The contact region 23 has
a peak concentration of 1x10'” to 1x10°" [cm™] and a junc-
tion depth of at most 300 [nm]. The overlapping region 24 has
a peak concentration of 6x10'" to 3.5x10'® [cm™] and a
junction depth of at most 300 [nm]. The impurity diffusion
layer 27 has a peak concentration of 6x10'” to 3.5x10'®
[cm™] and a junction depth of at most 300 [nm].

In the regions 31 to 33 of the second MOS transistor, the
peak concentration, a peak depth, and the junction depth are
as follows, by way of example. The channel region 32 has a
peak concentration of 1x10" " to 5x10"' " [cm™] and a junction
depth of at most 300 [nm]. The source/drain diffusion region
31 has a peak concentration of 6x10' 7 t0 3.5x10'® [cm™] and
a junction depth of at most 300 [nm]. The contact region 33
has a peak concentration of 1x10'” to 1x10*' [cm™] and a
junction depth of at most 300 [nm].

Furthermore, FIG. 14 1s a graph showing the distributions,
along the channel length direction, of concentrations of phos-
phorous (P) and arsenic (As) 1n the regions 21 to 24 and 27 of
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the first MOS transistors HND1 and HND2 according to the
present embodiment shown in FIG. 8 and FIG. 9. FIG. 1515 a
graph showing the distributions, along the channel length
direction, of concentrations of phosphorous (P) and arsenic
(As) 1n the regions 31 to 34 of the second MOS ftransistor
shown 1n FIG. 10 and FIG. 11. FIG. 14 also shows that arsenic
(As) 1s used to form an impurity diffusion layer 27.

As shown 1 FIG. 14, 1n the first MOS transistors HNDI1
and HND2, no arsenic 1s implanted into the source/drain
diffusion region 21 except for the overlapping region 24, the
impurity diffusion layer 27, and the contact region 23. In
contrast, 1n the second MOS transistor shown 1in FIG. 15,
arsenic 1s 1mplanted into the entire source/drain diffusion
region 21.
<Manufacturing Method>

Now, a manufacturing method for the above-described first
and second MOS transistors will be described with reference
to FI1G. 16 to FIG. 19. FIG. 16 to FIG. 19 are sectional views
sequentially showing the manufacturing steps for the first and
second MOS transistors. In each drawing, the first MOS
transistor 1s located on the left side, whereas the second MOS
transistor 1s located on the right side.

As shown 1n FIG. 16, an 1solation msulating film STT 1s
formed 1n the semiconductor substrate 1. Then, channel
implantation 1s performed using arsenic (As) as an impurity
to form channel regions 22 and 32 and an impurity diffusion
layer 27. Using, for example, a photolithography technique
and a photoresist as a mask, the channel region 22 and the
impurity diffusion layer 27 are formed close to a region
immediately below the region 1n which a gate electrode 26 1s
to be subsequently formed and 1n the region 1n which a con-
tact region 23 1s to be subsequently formed. On the other
hand, the channel region 32 1s formed all over the element
region of the second MOS transistor.

The channel regions 22 and 32 and the impurity diffusion
layer 27 may be formed during the same step in order to
simplily the steps. As a result, the impurity concentrations 1n
the channel regions 22 and 32 of the first and second transis-
tors are almost the same.

As shown 1n FIG. 17, gate electrodes 26 and 36 are formed
with the gate insulating films 235 and 35 interposed therebe-
tween, respectively.

As shown 1n FIG. 18, 1on implantation with phosphorous
(P) as an impurity 1s performed 1n a self-aligned manner
through the gate electrodes 26 and 36 as masks as shown in
FIG. 18. Source/drain diffusion regions 21 and 31 are thus
formed. At this time, the channel region 22 1s formed only 1n
the vicinity of the region immediately below the gate elec-
trode 26. Thus, the overlapping region 24 1s formed 1immedi-
ately below the end surface of the gate electrode 26 where the
channel region 22 and the source/drain diffusion region 21
overlap. Furthermore, the source/drain diffusion regions 21
and 31 are formed so as to surround the periphery of the
impurity diffusion layer 27. Thus, the impurity concentration
in the impurity diffusion layer 27 1s the sum of the 10n 1mplan-
tation concentration 1n FIG. 16 and the 1on implantation con-
centration 1n the present step.

Here, the source/drain diffusion regions 21 and 31 may be
formed during the same step 1n order to simplify the steps. As
a result, the source/drain diffusion regions 21 and 31 of the
first and second transistors have almost the same 1mpurity
concentration. Furthermore, the impurity concentration in the
overlapping region 24 of the first transistor 1s equal to that 1n
the surface region (which overlaps the channel region 22) of
the source/drain diffusion regions 31 of the second transistor.

As shown 1n FIG. 19, for example, arsenic (As) 1s Turther
ion-implanted into a part of each of the source/drain diffusion
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regions 21 and 31 to form a contact region 23 or 33, respec-
tively. The contact region 23 1s formed so as to penetrate the
impurity diffusion layer 27 and the source/drain diffusion
region 21. As a result, the first and second MOS transistors are
completed.

In case the channel regions 22 and 32 and source/drain
diffusion regions 21 and 31 of the first and second transistors
are simultaneously formed, the first and second transistors
with different breakdown-voltage characteristics can be
simultaneously formed on the semiconductor substrate with-
out an increase in the number of required steps.
<Effects>

As described above, 1n the semiconductor memory device
according to the first embodiment of the present invention, 1n
the high breakdown-voltage D-type MOS ftransistor, the
impurity diffusion layer 27 1s formed around the periphery of
the contact region 23. This allows improvement of the break-
down-voltage of the first MOS transistor, more specifically a
junction breakdown-voltage and a surface breakdown-volt-
age. This effect will be described below.

The junction breakdown-voltage 1s the breakdown-voltage
of the pn junction between the semiconductor substrate (or a
well region) and both the source and drain, when a certain
voltage 1s applied to the gate, the source, and the drain. Fur-
thermore, the surface breakdown-voltage 1s the breakdown-
voltage of the pn junction between the source or drain and a
portion of the semiconductor substrate (well region) which 1s
close to the gate, when a high potential difference occurs
between the source or drain and the gate to which 0 V 1s
applied.

FIG. 20 1s a graph showing the junction breakdown-volt-
ages of the first and second MOS transistors. In the graph, the
axis ol abscissa shows the source and drain voltage, and the
axis ol ordinate shows a current flowing through the above-
described pn junction. In this case, the source voltage 1s equal
to the drain voltage, and the semiconductor substrate 1s at O V.

FI1G. 21 1s a graph showing the surface breakdown-voltages
of the first and second MOS transistors. In the graph, the axis
of abscissa shows the drain voltage, and the axis of ordinate
shows a current tlowing through the above-described pn junc-
tion. In this case, both the gate voltage and the source voltage
are 0V, and the semiconductor substrate 1s also at O V.

FI1G. 22 1s a graph showing the junction breakdown-voltage
and surtace breakdown-voltage of the first MOS transistor. In
the graph, the axis of abscissa shows the sheet resistance of
the source/drain diffusion region 21, and the axis of ordinate
shows the breakdown-voltage (breakdown voltage of the pn
junction).

FI1G. 23 15 a graph showing the junction breakdown-voltage
and surface breakdown-voltage of the second MOS transistor.
In the graph, the axis of abscissa shows the sheet resistance of
the source/drain diffusion region 31, and the axis of ordinate
shows the breakdown-voltage (breakdown voltage of the pn
junction).

In FIG. 20 and FIG. 21, the graph labeled as “present
embodiment” shows the characteristics of the first MOS tran-
sistor. The graph labeled as “comparative example” shows the
characteristics of the second MOS transistor. Further, the
scales on each of the axes 1n FI1G. 20 and FI1G. 21 are the same.
A log scale 15 used on the axis of ordinate. Further, the scales
on each of the axes 1n FIG. 22 and FIG. 23 are the same.
Furthermore, the term sheet resistance refers to the resistance
of the source/drain diffusion regions 21 and 31 per unit area.

As shown 1n FI1G. 21, as the voltage 1s increased, 1n the first
MOS ftransistor, no current (leakage current) starts to flow
until the voltage reaches a certain value larger than the value
at which a current starts to flow through the second MOS
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transistor. That 1s, the first MOS transistor offers an improved
surface breakdown-voltage compared to the second MOS
transistor.

In FIG. 20, the junction breakdown-voltage of the first
MOS transistor 1s similar to that of the second MOS transis-
tor. However, when a voltage exceeding the illustrated range
was applied, the first MOS transistor was observed to offer an

improved breakdown-voltage. This 1s shown 1n FIG. 22 and
FIG. 23.

FI1G. 22 and FIG. 23 show that in the first MOS transistor,
both the junction characteristics and the surface characteris-
tics are improved. For example, the junction breakdown-
voltage and surface breakdown-voltage at a point A in F1G. 22
are compared with those at a pomt B i FIG. 23; the sheet
resistance at the point A 1s equal to that at the point B. Here,
both at the points A and B, the present embodiment offers a
higher breakdown-voltage than that of the comparative
example. In particular, 1f the sheet resistance 1s low, the junc-
tion breakdown-voltage of the first MOS transistor 1s much
higher than that of the second MOS transistor. If the sheet
resistance 1s high, the surface breakdown-voltage of the first
MOS transistor 1s higher than that of the second MOS tran-
s1stor.

The above-described characteristics result from the provi-
sion of the impunty diffusion layer 27. The source/drain
diffusion region 21, which offers a higher resistance than the
source/drain diffusion region 31 of the conventional struc-
ture, 1s formed between the overlapping region 24 and the
impurity diffusion layer 27. As a result, the gradient of the
impurity concentration in the region of the first MOS transis-
tor extending from the contact region 23 through the source/
drain diffusion region 21 1s gentler than that of the impurity
concentration in the corresponding region of the second MOS
transistor (see FI1G. 12). This serves to reduce the concentra-
tion of electric fields at the pn junction between the source/
drain diffusion region 21 and a portion of the semiconductor
substrate 1 located close to the gate. Consequently, the sur-
tace breakdown-voltage can be improved.

Moreover, since the source/drain diffusion region 21,
which offers a higher resistance than the source/drain difiu-
sion region 31 of the conventional structure, 1s formed
between the overlapping region 24 and the impurity diffusion
layer 27, the gradient of the pn junction between the periphery
of the contact region 23 and the semiconductor substrate 1 1s
weakened. This 1s because the provision of the impurity dif-
fusion layer 27 results in a gradual vanation 1n the n-type
impurity concentration in the region extending from the con-
tact region 23 through the source/drain diffusion region 21.
As a result, the junction characteristics are improved.
[Second Embodiment]

Now, a semiconductor memory device according to a sec-
ond embodiment of the present invention will be described.
The present embodiment corresponds to the first MOS tran-
sistor described above 1n the first embodiment and 1n which
the impurity diffusion layer 27 1s deeper than the contact
region 23. Only differences from the first embodiment will be
described below.

FI1G. 24 1s a sectional view of a first MOS transistor accord-
ing to the present embodiment. As shown 1n FIG. 24, a con-
figuration according to the present embodiment corresponds
to the configuration 1 FIG. 9 described 1n the first embodi-
ment 1n which the impurnity diffusion layer 27 1s formed to be
deeper than the contact region 23. In other words, the impu-
rity diffusion layer 27 surrounds the periphery of the contact
region 23 not only in the in-plane direction of the semicon-
ductor substrate 1 but also 1n the depth direction of the semi-
conductor substrate 1. In other words, 1nside the semiconduc-
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tor substrate 1, the impurity diffusion layer 27 surrounds the
entire periphery of the contact region 23.

For example, the present configuration can be achieved by
diffusing the impurity diffusion layer 27 formed 1n the first
embodiment as shown in FIG. 18, 1n the depth direction of the
semiconductor substrate 1 through the subsequent thermal
step. That 1s, the impurity diffusion layer 27 1s formed by
overlapping implantation of the source/drain ditffusion region
21 and implantation of an impurity diffusion layer for form-
ing the channel region 22 (See FIG. 17). Here, 1n case the
depth of the channel region 22 1s closer to that of the source/
drain diffusion region 21, the impurity concentration in the
vicinity of the bottom of the impurity diffusion layer 27
increases. That 1s, because of thermal diffusion, phosphorous
(P) forming the source/drain diffusion region 21 spreads eas-
1ly 1n the depth direction of the semiconductor substrate 1. On
the other hand, arsenic (As) forming the impurity diffusion
layer 27 1s heavier than phosphorous (P) and thus unlikely to
undergo thermal diffusion. As a result, inside the semicon-
ductor substrate 1, the impunity diffusion layer 27 can be

tormed to surround the entire periphery of the contact region
23.

Alternatively, the present configuration can be achieved by,
in the step shown 1n FIG. 17, performing 1on implantation for
formation of an impurity diffusion layer 27 separately from
and deeper than 1on implantation for formation of a channel
region 22. As a result, the impurity diffusion layer 27 can be
deepened, with the channel region 22 shallowed.
<Effects>

In the configuration according to the present embodiment,
the gradient of the impurity concentration around the periph-
ery of the contact region 23 1s gentler also 1n the depth direc-
tion of the semiconductor substrate 1. Thus, the breakdown-
voltage of the first MOS transistor can be improved.
| Third Embodiment]

Now, a semiconductor memory device according to a third
embodiment of the present invention will be described. The
present embodiment corresponds to the first MOS transistor
described 1n the first embodiment 1n which the impurity dii-
tusion layer 27 1s provided on only one of the source side and
the drain side. Only differences from the first embodiment
will be described below.

FIG. 25 1s a plan view of a first MOS transistor according,
to the present embodiment. FIG. 26 1s a sectional view taken
along line 26-26 in FI1G. 25.

As shown in the figures, the first MOS transistor according
to the present embodiment corresponds to the configuration
described 1n the first embodiment with reference to FIG. 8 and
FIG. 9 1n which the impunity diffusion layer 27 around the
periphery of the contact region 23 on which the contact plug,
CP1 1s formed 1s omitted.

For example, 1n the MOS transistor HND1, the source-side
(one of the source and drain which 1s connected to the node
N1) impurity diffusion layer 27 1s omitted. The impurity
diffusion layer 27 1s provided only on the drain-side (one of
the source and drain which 1s connected to VRDEC). That 1s,
in FIG. 26, the contact plug CP2 1s connected to VRDEC, and
the contact plug CP1 1s connected to the node N2.

Furthermore, 1n the MOS transistor HND?2, the drain-side
(one of the source and drain which 1s connected to the MOS
transistor LND) impurnity diffusion layer 27 1s omitted. The
impurity diffusion layer 27 1s provided only on the source-
side (one of the source and drain which 1s connected to the
node N10). That 1s, 1n FIG. 26, the contact plug CP2 1s
connected to the node N10, and the contact plug CP1 1s

connected to the MOS transistor LND.
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<Elfects>

In the configuration according to the present embodiment,
the impurnity diffusion layer 27 1s formed 1n a portion that
needs a high breakdown-voltage and not 1n a portion the
breakdown-voltage of which 1s not particularly problematic.
This eliminates an extra margin (the alignment margin
between the impurity diffusion layer 27 and the overlapping
region 24 and the alignment margin between contact region
23 and the channel region 22) to form an impurity diffusion
layer 27. The configuration according to the present embodi-
ment thus improves the breakdown-voltage of the MOS tran-
sistor, which suppresses an increase in the size of the MOS
transistor.

An example of the situation where the high breakdown-
voltage 1s needed will be described 1n brief.

For example, in the MOS transistor HND1, the drain side
(one of the source and drain which 1s connected to VRDEC)
needs the high breakdown-voltage compared with the source
side. In the MOS transistor HND2, the source side (one of the
source and drain which 1s connected to the node N10) needs
the high breakdown-voltage compared with the drain side.

FIG. 27 A 1s a timing chart showing variations 1n the poten-
tials of the signal BSTON, the voltage VRDEC, the select

gate lines SG(1) and SG(2), and the control gate line CG
during a data write operation performed on the NAND flash
memory.

During a data programming, 1n the voltage switching cir-

cuit S4A corresponding to a memory cell block (hereinatter
referred to as a selected memory block) containing a memory
cell (heremafter referred to as a selected memory cell) to
which data 1s stored, the mnput signal INPUT 1s set to an “H”
level (Vdd=1.5V). Thus, thenode N1 1s setto an “L” level (Tor
example, Vss=0 V) to turn on the MOS transistor HP. Fur-
thermore, at time t0 1n FIG. 27 A, the signal BSTON 1s set to
the “H” level (or example, Vdd) to turn on both the MOS
transistors LND and HND2. Hence, an output from the
iverter INV2 at the “H” level (=Vdd) is transferred to the
node N10. Moreover, since the voltage VRDEC 1s equal to
Vdd, the MOS transistor HNDI1 1s turned on. As a result,
VRDEC (=Vdd) 1s transterred to the node N10 via the current
paths 1n the MOS transistors HND1 and HP.
Then, attime t1, BSTON 1s set to the “L” level to cut off the
MOS transistors LND and HND2. However, the MOS tran-
sistors HND1 and HP remain on. Thus, the node N10 main-
tains the “H” level (Vdd).

Then, at time 12, VRDEC 1s set equal to VPGMH. The
voltage VPGMH enables the voltage VPGM to be transierred
to the MOS transistors QN1 to QNS8. The voltage VPGM 1s
high enough (for example, 20 V) to implant electrons into a
charge accumulation layer 14 by FN (Fowler-Nordheim) tun-
neling. VPGMH 1s higher than VPGM at least by an amount
corresponding to the threshold of the MOS transistors HNDI1,
HP, and QN1 to QN8. Setting VRDEC equal to VPGMH
allows the node N10 to be set equal to VPGMH.

Then, at time t3, the voltage VPASS 1s supplied to the
signal mput nodes CGD1 to CGD8. The voltage VPASS
allows the memory cell M1 to be turned on regardless of data
held in the memory cell Mi. This allows the voltage VPASS to
be transferred to the control gate lines CG(1) to CG(8). Fur-
thermore, the voltages VSGD and Vss are applied to the
signal output nodes SGD and SGS, respectively. The voltage
VSGD allows the select transistor S1 to be turned on or off
depending on write data.

Thereaftter, at time t4, the voltage of the signal input node
CGD connected to the selected memory cell 1s increased from
VPASS to VPGM. As aresult, in a NAND cell with the select
transistor S1 turned on, programming data 1s transferred to
the channel of the selected memory cell. Electrons are then
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implanted into the charge accumulation layer of the selected
memory cell. On the other hand, in a NAND cell with the
select transistor S1 turned off, the channel 1s electrically
floated. The potential of the channel increases as a result of
coupling to the control gate lines, suppressing the implanta-
tion of electrons 1nto the charge accumulation layer.

In the above-described operation, after time 12, Vdd 1s
applied to the drain of the MOS transistor HND2. VPGMH 1s

applied to the source of the MOS transistor HND2. Thus,
since the MOS transistor HND2 has a high breakdown-volt-
age on the source side, the impunty diffusion layer 27 is
desirably formed on the source side.

Now, the voltage switching circuit 34 A corresponding to a
memory cell block (hereinafter referred to as an unselected
memory cell block) containing no selected memory cell dur-

ing the above-described programming will be described. In
the voltage switching circuit 54 A, INPUT 1is set to the “L”
level (=Vss). Thus, the node N1 1s set to the “H” level (=Vdd)
to turn off the MOS transistor HP. Furthermore, the signal
BSTON i1s set to the “H” level (1or example, Vdd) to turn on
both the MOS transistors LND and HND2. Thus, an output
from the mverter INV2 at the “L” level 1s transferred to the
node N10. Additionally, the Voltage VRDEC 1s equal to Vdd.
Hence, the MOS transistor HND1 1s cut of

Thereafter, at time t1, the signal BSTON 1s set to the “L”
level. At time t2, VRDEC 1s set equal to VPGMH. However,
the node N10 remains at the “L”" level. Hence, the MOS
transistor HND 1 remains in the cutoif state.

In the above-described operation, after time t2, VPGMH 1s
applied to the drain of the MOS transistor HND1. The voltage
ol the source of the MOS transistor HND1 1s between about O
V and about Vdd. Thus, since the MOS transistor HND1 has
a high breakdown-voltage on the drain side, the impurity
diffusion layer 27 1s desirably formed on the drain side. The
above-described situation also occurs during data read.

In FI1G. 278 and 27C, a modification of the memory device
according to the third embodiment of the present invention
will be shown. FIG. 27B 1s a plan view of a first MOS
transistor according to the modification of the present

embodiment. FIG. 27C 1s a sectional view taken along line
27C-27C 1n FIG. 27B.

As shown 1n FIG. 27B and FIG. 27C, the overlapping
region 24 of the source region 1s omitted and the channel
region 22 1s formed all over the element region AA of the
source diffusion region 21 in the structure shown in FIG. 25
and FIG. 26. As a result, the first MOS transistor of the
modification can flow a large current when the first MOS
transistor of the modification turns on compared with the first
MOS transistor of the present embodiment.
| Fourth Embodiment]

Now, a semiconductor memory device according to a
tourth embodiment of the present invention will be described.
The present embodiment relates to the E-type n-channel
MOS transistors QN0 to QN10 included 1n the NAND flash
memory described 1n the first to third embodiments. Only
differences from the first to third embodiments will be
described. An E-type MOS transistor used for the MOS tran-
s1stors QN0 to QN10 1s heremafter referred to as a third MOS
transistor. A high breakdown-voltage E-type MOS transistor
corresponding to a comparative example 1s hereinafter
referred to as a fourth MOS transistor.
<Planar and Sectional Configurations>

FI1G. 28A 1s a plan view of the third MOS transistors QN0
to QN10 according to the present embodiment. FIG. 28B 15 a
plan view of the fourth MOS transistor corresponding to the
comparative example. FIG. 29A and FIG. 29B are sectional
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views taken along line 29A-29A 1n FIG. 28A and line 29B-
29B m FIG. 28B, respectively.

As shown in FIG. 28A and FIG. 28B, the third MOS
transistor corresponds to the configuration 1n FI1G. 8 and FIG.
9 described 1n the first embodiment in which the channel
region 22 has a p-conductivity type. The third MOS transistor
1s Tormed of p-type impurities such as boron (B). Moreover,
the overlapping region 24 1s formed by superimposing the
source/drain diffusion region 21 on the p-type channel region
22. Thus, the overlapping region 24 according to the present
embodiment contains the p-type impurities such as boron and
n-type impurities from the source/drain diffusion region 21
such as phosphorous (P). The n-type impurity concentration
ol the overlapping region 24 1s relatively lower than that of the
overlapping region 24 according to the first embodiment.
Furthermore, the impurity diffusion layer 27 1s formed of
n-type impurities such as arsenic (As) and/or phosphorous
(P). The channel region and overlapping region according to
the present embodiment are hereinaiter referred to as the
channel region 40 and the overlapping region 41, respec-
tively, 1n order to distinguish the present embodiment from
the first to third embodiments. The remaining part of the
configuration of the present embodiment 1s similar to that of
the first embodiment. On the other hand, the fourth MOS
transistor does not include the impunity diffusion layer 27
compared to the third MOS transistor. The remalmng part of
the configuration of the fourth MOS transistor 1s similar to
that of the third MOS transistor. The gate insulating film, gate
clectrode, source/drain diffusion region, and contact region in
the fourth MOS transistor are heremafter referred to as the
gate insulating film 35, the gate electrode 36, the source/drain
diffusion region 31, and the contact region 33, respectively.
<Impurity Concentration Distribution>

Now, the impurity concentration distribution of the third
MOS transistor will be described. FIG. 30A 1s a graph show-
ing the distribution, along the channel length direction (in
which the source, the channel, and the drain are sequentially
arranged), of the maximum values (peak concentrations) of

the impurity concentration D 1n the regions 40,41, 21,23, and
2’7 of the third MOS transistors QN0 to QN10 according to the

present embodiment shown 1n FIG. 28A and FIG. 29A. At an
alternate long and short dash line corresponding to a bound-
ary, the conductivity type of the impurities changes between
the n-type and the p-type. A distribution shown by a dashed
line 1n FIG. 30 A 1s the concentration distribution according to
the first embodiment and 1s illustrated as a reference for
comparison with the present embodiment.

As shown 1n FIG. 30A, the impurity concentration distri-
bution according to the present embodiment corresponds to
the distribution described 1n the first embodiment and 1nvolv-
ing the channel region 40 formed of p-type impurities. Thus,
contrary to the distribution in FIG. 12 described 1n the first
embodiment, the n-type impurity concentration 1s lower 1n
the overlapping region 41 than in the source/drain diffusion
region 21. The remaining part of the configuration of the
present embodiment 1s similar to that of the first embodiment.
That 1s, the presence of the impurnty diffusion layer 27 makes
the impurity concentration higher around the periphery of the
contactregion 23 than in the source/drain diffusion region 21.

The impurity concentration distribution of the above-de-
scribed fourth MOS transistor will be described. FIG. 30B 1s
a graph showing the distribution, along the channel length
direction (in which the source, the channel, and the drain are
sequentially arranged), of the maximum values (peak concen-
trations) of the impurity concentration D 1n the regions 40, 41,
31, and 33 of the fourth MOS ftransistor according to the
comparative example shown in FIG. 28B and FIG. 29B. Atan
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alternate long and short dash line corresponding to a bound-
ary, the conductivity type of the impurities changes between
the n-type and the p-type. A distribution shown by a dashed
line in FIG. 30B 1s the concentration distribution according to
the first embodiment and 1s illustrated as reference for com-
parison with the present embodiment.

As shown 1 FIG. 30B, the impurity concentration distri-
bution according to the comparative example lacks the impu-
rity diffusion layer 27 compared to the impurity concentra-
tion distribution according to the present embodiment. As a
result, the impurity concentration distribution according to
the comparative example 1s such that the impurity concentra-
tion 1s lower around the periphery of the contact region 33,
compared to that according to the present embodiment.

Furthermore, the impurity concentration distribution
according to the present embodiment 1s such that the gradient
of a variation 1n the impurity concentration from the contact
region 23 through the source/drain diffusion region 21 1s
gentler than 1n the comparative example.

FIG. 31A 1s a graph showing the distribution, along the
channel length direction, of the concentrations of phospho-
rous (P), arsenic (As), and boron (B) in the regions 40, 41, 21,
23, and 27 of the third MOS transistors QN0 to QN10 accord-
ing to the present embodiment shown in FIG. 28 A and FIG.
29A. FIG. 31A shows that the impurity diffusion layer 27 1s
formed using arsenic (As).

FIG. 31A 1s different from FIG. 14 described 1n the first
embodiment in that the channel region 40 1s formed of p-type
impurities. The impurity diffusion layer 27 may be formed of
phosphorous (P) instead of arsenic (As) or formed of both
phosphorous and arsenic.

FIG. 31B 1s a graph showing the distribution, along the
channel length direction, of the concentrations of phospho-
rous (P), arsenic (As), and boron (B) in the regions 40, 41, 31,
and 33 of the fourth MOS transistors QN0 to QN10 according
to the present embodiment shown 1n FI1G. 28B and FIG. 29B.
FIG. 31B 1s different from FIG. 31 A described in the present
embodiment 1n that the impurity diffusion layer 27 1s not
formed. In other respects, the impurity concentration distri-
bution in FIG. 31B 1s the same as that in FIG. 31A.
<Manufacturing Method>

Now, a manufacturing method for the above-described
third MOS transistor will be described with reference to FIG.
32 to FIG. 35. FIG. 32 to FIG. 35 are sectional views sequen-
tially showing the manufacturing steps for the third MOS
transistor. FI1G. 32 to FIG. 35 also show manufacturing steps
for the fourth MOS transistor corresponding to the compara-
tive example. The third MOS transistor 1s shown on the left of
cach drawing. The fourth MOS transistor 1s different from the
third MOS transistor in that the fourth MOS transistor does
not include the impurity diffusion layer 27.

As shown 1n FIG. 32, an 1solation insulating film STT 1s
tformed 1n the semiconductor substrate 1. Then, for example,
channel 1mplantation 1s performed using boron (B) as an
impurity to form a channel region 40. Furthermore, channel
implantation 1s performed using arsenic (As) and/or phospho-
rous (P) as impurities to form an impurity diffusion layer 27.
Using, for example, the photolithography technique and a
photoresist as a mask, the channel region 40 1s formed close
to a region immediately below the region in which a gate
clectrode 26 1s to be subsequently formed. Similarly, the
impurity diffusion layer 27 1s formed 1n a region including the
region 1 which a contact region 23 1s to be subsequently
formed.

In order to allow the steps to be simplified, the impurity
diffusion layer 27 may be formed simultaneously with for-
mation of the channel regions 22 and 32 and impurity diffu-
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sion layer 27 of the first and second MOS transistors shown in
FIG. 16. As a result, the channel regions 22 and 32 of the first
and second MOS transistors and the impurity diffusion layer
2’7 of each of the first and third MOS transistors have almost
the same 1mpurity concentration.

In order to allow the steps to be simplified, the channel
regions 40 of the third and fourth MOS transistors may be
formed during the same step. As a result, the channel regions
40 of the third and fourth transistors have almost the same
impurity concentration.

As shown 1n FI1G. 33, gate electrodes 26 and 36 are formed
with the gate msulating films 25 and 35 interposed therebe-
tween, respectively. The gate electrode 26 belongs to the third
MOS transistor. The gate electrode 36 belongs to the fourth
MOS transistor. The gate electrodes 26 and 36 of the third and
tourth MOS transistors may be manufactured during the same
step 1n which the gate electrodes 26 and 36 of the first and
second MOS transistors are manufactured.

As shown 1n FIG. 34, 1on implantation with phosphorous
(P) as an impurity 1is performed in a self-aligned manner
through the gate clectrodes 26 and 36 as masks. Source/drain
diffusion regions 21 and 31 are thus formed. The source/drain
diffusion region 21 in combination with the impunity difiu-
sion layer 27 functions as the source and drain of the third
MOS transistor. The source/drain diffusion region 31 func-
tions as the source and drain of the fourth MOS transistor. In
this case, the channel region 40 1s formed only 1n the vicinity
of the region immediately below the gate electrode 26. Thus,
the overlapping region 41 1s formed immediately below the
end surface of each of the gate electrodes 26 and 36 where the
channel reglon 40 and the corresponding one of the source/
drain diffusion regions 21 and 31 overlap. Furthermore, the
source/drain diffusion regions 21 and 31 are formed so as to
surround the periphery of the impurity diffusion layer 27.
Thus, the impurity concentration 1n the impurity diffusion
layer 27 1s the sum of the 1on implantation concentration 1n
FIG. 33 and the 1on implantation concentration in the present
step.

Of course, the source/drain diffusion regions 21 and 31
may be formed during the same step. In this case, the source/
drain diffusion regions 21 and 31 of the third and fourth
transistors have almost the same impurity concentration. Fur-
thermore, the overlapping regions 41 of the third and fourth
MOS transistors have an equal impurity concentration. More-
over, the source/drain diffusion regions 21 and 31 of the third
and fourth MOS transistors may be manufactured during the
same step 1n which the source/drain diffusion regions 21 and
31 of the first and second MOS transistors are manufactured.

As shown 1n FIG. 35, for example, arsenic (As) 1s further
ion-implanted into a part of each of the source/drain diffusion
regions 21 and 31 to form a contact region 23 or 33, respec-
tively. The contact region 23 1s for the third MOS transistor.
The contact region 33 is for the fourth MOS transistor. The
contact region 23 1s formed so as to penetrate the impurity
diffusion layer 27 and the source/drain diffusionregion 21. As
a result, the third and fourth MOS transistors are completed.

In case the channel regions 40 and source/drain diffusion
regions 21 and 31 of the third and fourth transistors are
simultaneously formed, the third and fourth transistors with
different breakdown-voltage characteristics can be simulta-
neously formed on the semiconductor substrate without an
increase in the number of required steps.
<Elfects>

As described above, 1n the semiconductor memory device
according to the present embodiment, the junction break-
down-voltage even of the E-type MOS transistor can be
improved as described in the first embodiment.
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Furthermore, the present embodiment enables a reduction
in the adverse etlect of a vanation in threshold caused by
offleakage from the MOS transistor. This will be described
below. FIG. 36 1s a sectional view of the MOS transistor
showing that the MOS transistor has been switched from the
cutoll state (left side of the figure) to the on state (right side of
the figure).

It 1s assumed that the MOS transistor 1s cut off, by for
example, applying OV to a gate G, applying 24 V to a source
C, and applying 0 V to a drain D as shown on the left side of
FIG. 36. Even 1n this case, a leakage current flows between
the source and the drain. As a result, the high electric field
between the source S and the gate electrode may cause elec-
trons resulting from the leakage current to be trapped 1n a
portion (region shown by a dashed line 1n FIG. 36) of the gate
insulating film located close to the source S. The trapping of
clectrons 1n the gate insulating film 1s equivalent to the appli-
cation of a negative voltage to the gate electrode. This
increases the threshold voltage of the MOS transistor. In other
words, a channel 1s unlikely to be formed near the source S.

It 1s assumed that i1n this state, 24 V, 28 V, and 24.5V are
applied to the source S, the gate G, and the drain D as shown
on the right side of FIG. 36. Then, a channel 1s formed
between the source S and the drain D to turn on the MOS
transistor. However, it 1n the above-described cutoif state,
clectrons are trapped 1n the gate msulating film, a channel 1s
unlikely to be formed compared to the case mm which no
clectron 1s trapped 1n the gate msulating film.

The present inventors have found that the increase 1n the
threshold voltage of the MOS transistor caused by the elec-
trons trapped in the gate 1nsulat111g f1lm depends on the resis-
tance value of the source/drain diffusion region 21 (the resis-
tance value of the region between the overlapping region 41
and the contact region 23). This relationship 1s shown in FIG.
37. FIG. 37 shows the relationship between the sheet resis-
tance of the source/drain diffusion region 21 and the lifetime
of the MOS transistor. The axis of abscissa 1s shown on a
linear scale, and the axis of ordinate 1s shown on the log scale.
The “lifetime” as used herein means the smaller of the time
period required to reduce a current (hereinafter referred to as
a “drain current”) flowing through the drain D of the MOS
transistor down to at most a given value, and the time period
required to increase the threshold voltage of the MOS tran-
sistor by at least a given value, when stress 1s applied to the
MOS transistor for a predetermined time (this time 1s referred
to as the “stress time”). The stress 1 FIG. 37 means, for
example, such a cutoll state as shown in the left figure of FIG.
36. As shown 1n the figure, the lifetime varies linearly on a
single-logarithm graph with respect to the resistance value.
That 1s, the lifetime increases with decreasing resistance
value.

In contrast, in the configuration according to the present
embodiment, the impurity diffusion layer 27 having a higher
impurity concentration than the source/drain diffusion region
21 1s provided 1n the source/drain diffusion region 21. This
reduces the resistance value of the source and drain. That 1s, as
shown 1n the graph 1n FIG. 37, the provision of the impurity
diffusion layer 27 1s effective for reducing the resistance
value from R1 to R2. This enables the lifetime of the MOS
transistor to be increased from Tl to t2.
<Modification>

FIG. 38 1s a sectional view of the third MOS {transistor
according to a modification of the present embodiment. As
shown 1n the figure, the impurity diffusion layer 27 in the
source/drain diffusion region 21 may be formed in contact
with the overlapping region 41. In the present configuration,
the n-type impurity concentration in the region between the
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overlapping region 41 and the contact region 23 can be set
higher than in the configuration shown in FIG. 29. Thus, the
lifetime can be improved.

In connection with the improvement of the lifetime, the
impurity diffusion layer 27 1s located as close to the overlap-
ping region 41 as possible and preferably contacted with the
overlapping region, for example, as shown in FIG. 38. In this
case, to prevent a possible decrease in surface breakdown-
voltage, the impurity concentration in the overlapping region
41 1s preferably inhibited from being increased by allowing
the impurity diffusion layer 27 to overlap the overlapping
region 41.
|F1ith Embodiment]

Now, a semiconductor memory device according to a fifth
embodiment of the present invention will be described. The
present embodiment corresponds to the fourth embodiment to
which the configuration described above in the second
embodiment 1s applied. That 1s, the present embodiment cor-
responds to the configuration m FIG. 29 described 1n the
fourth embodiment 1n which the impurity diffusion layer 27 1s
set deeper than the contact region 23. Only differences from
the fourth embodiment will be described below.

FIG. 39 1s a sectional view of the third MOS {transistor
according to the present embodiment. As shown 1n the figure,
the configuration according to the present embodiment cor-
responds to the configuration 1n FIG. 29 described 1n the
fourth embodiment and 1n which the impurnty diffusion layer
277 1s formed to be deeper than the contact region 23. In other
words, the impurity diffusion layer 27 surrounds the periph-
ery of the contact region 23 not only 1n the in-plane direction
of the semiconductor substrate 1 but also 1n the depth direc-
tion of the semiconductor substrate 1. In other words, inside
the semiconductor substrate 1, the impurity diffusion layer 27
surrounds the entire periphery of the contact region 23.

The present configuration can be formed by the method
described in the second embodiment.

Thus, the second embodiment can be applied to the E-type
MOS transistor to exert effects similar to those described
above. The present configuration can also be applied to the
configuration shown 1n FIG. 38.

As described above, the semiconductor memory device
according to the first to third embodiments includes a periph-
eral circuit which drnives the memory cell transistor Mi
capable of storing data, the peripheral circuit including the
depletion-type first MOS transistor. The first MOS transistor
includes the gate electrode 26, the channel region 22 of a first
conductivity type, the source region 21 and drain region 21 of
the first conductivity type, the overlapping region 24 of the
first conductivity type, the contact region 23 of the first con-
ductivity type, and the impurity diffusion layer 27 of the first
conductivity type. The channel region 22 1s formed in the
surface of the semiconductor layer 1 close to a region imme-
diately below the gate electrode 26. The channel region 22 has
a first impurity concentration. Each of the source region 21
and the drain region 21 1s formed 1n the surface of the semi-
conductor layer 1 1n a self-aligned manner with respect to the
gate electrode 26. Each of the source region 21 and the drain
region 21 has a second impurity concentration higher than the
first impurity concentration. The overlapping region 24 1is
formed 1n the surface of the semiconductor layer 1 immedi-
ately below the gate electrode 26 where the channel region 22
overlaps the source region 21 and the drain region 21. The
overlapping region 24 has a third impurity concentration
higher than the second impurity concentration. The contact
region 23 1s formed 1n at least a part of the surface of each of
the source region 21 and the drain region 21. The contact
region 23 has a fourth impurity concentration higher than the
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second 1mpurity concentration. The impurity diffusion layer
277 1s formed 1n a partial region of at least one of the source

region 21 and the drain region 21. The impurity diffusion

layer 27 has a fifth impurity concentration higher than the
second 1mpurity concentration and lower than the fourth
impurity concentration. The impurity diffusion layer 27 is
formed 1n contact with the contact region 23 and away from
the overlapping region 24. The impurity diffusion layer 27 1s
positioned at least 1n the region between the contact region 23

and the overlapping region 24.

The above-described configuration enables the break-
down-voltage of the D-type MOS transistor to be improved,
allowing the operational reliability of the semiconductor
memory device to be improved.

Furthermore, 1n the semiconductor memory device accord-
ing to the fourth and fifth embodiments, the peripheral circuit
includes an enhancement-type second MOS transistor (each

of the third MOS ftransistors QNO to QN10 1n the embodi-

ments). Each of the second transistors QN0 to QN10 includes
the source region 21 and drain region 21 of the first conduc-
tivity type, the contact region 23 of the first conductivity type,
and the impurity diffusion layer 27 of the first conductivity
type. The source region 21 and the drain region 21 are formed
on the surface of the semiconductor layer 1 in a self-aligned
manner with respect to the gate electrode 26. Each of the
source region 21 and the drain region 21 has a sixth impurity
concentration. The contact region 23 1s formed 1n at least a
part of the surface of each of the source region 21 and the
drain region 21. The contact region 23 has a seventh impurity
concentration higher than the sixth concentration. The impu-
rity diffusion layer 27 1s formed 1n a partial region of each of
the source region 21 and the drain region 21. The impurity
diffusion layer 27 has an eighth impurnty concentration
higher than the sixth impurity concentration and lower than
the seventh impurity concentration. The impurity diffusion
layer 27 of each of the second transistors QNO to QN10
contacts the contact region 23 and 1s positioned at least in the
region between the contact region 23 and the region located
immediately below the gate electrode 26. The present con-
figuration may further includes the channel region 40 of the
second conductivity type that 1s opposite to the first conduc-
tivity type, and the overlapping region 41 formed by the
overlapping between the channel region 40 and each of the
source region 21 and the drain region 21.

The above-described configuration enables the break-
down-voltage of the E-type MOS transistor to be improved,
allowing the operational reliability of the semiconductor
memory device to be improved.

In the above-described embodiments, examples of the first
MOS transistor including the impurity diffusion layer 27 are
the MOS transistors HND1 and HND?2 in the voltage switch-
ing circuit 54 A included in the row decoder 105. However, the
configuration of the first MOS transistor 1s applicable not
only to the MOS transistors HND1 and HND2 but also to
MOS transistors 1n other peripheral circuits. This also applies
to the third MOS transistor. The configuration of the third
MOS transistor 1s applicable not only to the MOS transistors
QN0 to QN10 but also to other MOS transistors. Furthermore,
the fourth MOS transistor 1s applicable to a logic circuit such
as the column decoder 103 or the address buifer 104. For
example, the fourth MOS transistor 1s excellent 1n surface
breakdown-voltage and thus applicable to circuit elements in
a portion to which a high voltage 1s applied. Additionally, the
fourth MOS transistor can be formed simultaneously with the
formation of the first to third MOS transistors. This prevents
an increase in the number of manufacturing steps.
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Furthermore, the above-described third embodiment can
be combined with the second embodiment. That 1s, 1n the
configuration shown 1n FIG. 24, the impunity diffusion layer
2’7 may be formed exclusively on one of the source side and
the drain side.

Moreover, 1n the above-described first to third embodi-
ments, the impurities (for example, phosphorous (P)) con-
tained in the impurity diffusion layer 27 are the same as those
contained 1n the channel region 22. In this case, as described
above, the 1on implantation step for forming an impurity
diffusion layer 27 can be carried out simultaneously with the
ion 1mplantation step for forming a channel region 22. How-
ever, the impunty diflusion layer 27 and the channel region 22
may be formed of different types of impurities as required.
Moreover, the impurities used are not limited to arsenic (As)
and phosphorous (P) but may be appropnately selected as
required.

Furthermore, the impurity concentration for the ion
implantation may vary between the formation region for the
impurity diffusion layer 27 and the formation region for the
channel region 22. The impurity concentration in the com-
pleted impunity diffusion layer 27 may be the same as or
different from that in the completed channel region 22. It 1s
suificient 1f the impurity concentration in the impurity diffu-
sion layer 27 1s lower than that 1n the contact region 23 and the
source/drain diffusion region 21.

Moreover, 1n the above-described embodiments, for
example, as shown 1n FIG. 8 and FIG. 9, the impurity ditfu-
sion layer 27 1s formed to surround the side surface of the
contact region 23. However, for example, the impurity difiu-
s1on layer 27 may be formed at least 1n the region between the
contact region 23 and the overlapping region 24 and pre-
vented from being formed 1n the region between the contact
region 23 and the 1solation region STI. This also applies to the
third MOS transistor.

Furthermore, 1n the above-described embodiments, the
first and third MOS transistors including the impurity difiu-
sion layer 27 are n-channel MOS transistors. However, the
first and third MOS transistors may be p-channel MOS tran-
sistors as required. A sectional view of the first MOS transis-
tor 1n this case 1s shown 1n FIG. 40. As shown 1n the figure, the
n-type well region 28 1s formed 1n the surface region of the
semiconductor substrate 1. The first MOS transistor 1s formed
on the well region 28. The basic configuration of the first
MOS ftransistor 1s as described 1n the first to third embodi-
ments. However, the regions 22 to 24 and 27 are formed of a
p-type impurity diffusion layer. The magnitude relationship
among the impurity concentrations in the regions 22 to 24 and
277 1s similar to that in the first embodiment. For the third MOS
transistor, the following configuration 1s possible. In FIG. 29,
FIG. 38, or FIG. 39, an n-type well region 1s formed 1n the
surface region of the semiconductor layer 1, the region 40 1s
formed 1nto the n-type, and the regions 21, 23, 27, and 41 are
formed 1nto the p-type.

Additionally, the gate electrodes 26 and 36 of the first to
fourth MOS transistors may have a stack gate structure like
the select transistors S1 and S2. A sectional view of the first
MOS transistor with such a configuration 1s shown 1n FI1G. 41.
As shown 1n the figure, the gate structure 26 has a stack gate
structure 1ncluding a polycrystalline silicon layer 50 formed
on the gate insulating film 235 and a polycrystalline silicon
layer 52 formed on the polycrystalline silicon layer 50 with an
inter-gate insulating film 51 interposed therebetween. A part
of the inter-gate insulating film 51 1s removed. The polycrys-
talline silicon layers 30 and 52 are connected together
through the removed region. According to the present con-
figuration, the gate electrodes of the first to fourth MOS
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transistors can be formed during the same step 1n which the
gate electrodes of the memory cell M1 and select transistors
S1 and S2 are formed.

Furthermore, the first to fourth embodiments are appli-
cable to I-type MOS ftransistors. In this case, the channel
regions 22 and 40 are unnecessary. Thus, the overlapping
regions 24 and 41 are not formed. The I-type MOS transistor
may be included in the NAND flash memory.

In the above-described embodiments, the NAND {flash
memory has been taken as an example. However, the embodi-
ments are applicable not only to the NAND flash memory but
also to other EEPROMSs such as a NOR flash memory and
semiconductor memory devices in general including a high
breakdown-voltage MOS ftransistor. Additionally, the
embodiments are applicable not only to the semiconductor
memory device but also to a wide variety of common semi-
conductor integrated circuits.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention 1n 1its
broader aspects 1s not limited to the specific details and rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general mventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A semiconductor memory device comprising:

a memory cell array mcluding a memory cell transistor
with a charge layer formed on a semiconductor layer
with a gate insulating film interposed therebetween; and

a peripheral circuit including at least a first transistor,

wherein the first transistor includes:

a {irst gate electrode disposed on a surface of the semicon-

ductor layer with a first gate insulating film interposed
therebetween;

a {irst channel region of a first conductivity type formed in
the surface of the semiconductor layer close to a region
located immediately below the first gate electrode, the
first channel region having a first impurity concentra-
tion;

a first source region of the first conductivity type and a first
drain region of the first conductivity type each formed 1n
the surface of the semiconductor layer and each having
a second 1mpurity concentration higher than the first
impurity concentration;

a first overlapping region of the first conductivity type
formed 1n the surface of the semiconductor layer imme-
diately below the first gate electrode where the first
channel region overlaps the first source region and the
first drain region, the first overlapping region having a
third impurity concentration higher than the second
impurity concentration;

a first contactregion of the first conductivity type formed in
at least a part of a surface of each of the first source
region and the first drain region and having a fourth
impurity concentration higher than the second impurity
concentration; and

a first impunty diffusion region of the first conductivity
type formed 1n a partial region of at least one of the first
source region and the first drain region and having a fifth
impurity concentration higher than the second impurity
concentration and lower than the fourth impurity con-
centration, and

the first impurity diffusion region 1s formed 1n contact with
the first contact region and away from the first overlap-
ping region and positioned at least 1n a region between
the first contact region and the first overlapping region.
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2. The device according to claim 1, wherein the peripheral
circuit further includes a second transistor, and

the second transistor includes:

a second gate electrode disposed on the surface of the
semiconductor layer with a second gate insulating film
interposed therebetween;

a second channel region of the first conductivity type
formed 1n a portion of the surface of the semiconductor
layer which includes the region located immediately
below the second gate electrode, the second channel

region having a sixth impurity concentration; and

a second source region of the first conductivity type and a
second drain region of the first conductivity type each
formed 1n the surface of the semiconductor layer and
cach having a seventh impurity concentration higher
than the sixth impurity concentration.

3. The device according to claim 2, wherein the first impu-
rity concentration 1s equal to the sixth impurity concentration,
and

the third impurity concentration 1s equal to the seventh
impurity concentration.

4. The device according to claim 1, wherein an impurity
implanted into the first channel region 1s different from that
into the first source region and the first drain region, and

1s o the same as that into the first impurity diffusion region.

5. The device according to claim 1, wherein the first impu-
rity diffusion region 1s formed in both of the first source
region and the first drain region.

6. The device according to claim 1, wherein the first impu-
rity diffusion region covers a side surface and a bottom sur-
face of the first contact region.

7. The device according to claim 1, wherein the peripheral
circuit further includes a second transistor,

the second transistor includes:

a second gate electrode disposed on the surface of the
semiconductor layer with a second gate insulating {ilm
interposed therebetween;

a second source region of the first conductivity type and a
second drain region of the first conductivity type each
formed 1n the surface of the semiconductor layer and
cach having a sixth impurity concentration;

a second contact region of the first conductivity type
formed 1n at least a part of a surface of each ofthe second
source region and the second drain region and having a
seventh 1mpurity concentration higher than the sixth
impurity concentration; and

a second impurity diffusion region of the first conductivity
type formed 1n a partial region of each of the second
source region and the second drain region and having an
cighth 1mpurity concentration higher than the sixth
impurity concentration and lower than the seventh impu-
rity concentration, and

the second impurity diffusion region i1s formed 1n contact
with the second contact region and positioned at least 1n
a region between the second contact region and the
second gate electrode.

8. The device according to claim 7, wherein the second

transistor further includes:

a second channel region of a second conductivity type
opposite to the first conductivity type, the second chan-
nel region being formed in the surface of the semicon-
ductor layer close to the region located immediately
below the second gate electrode, the second channel
region having a mnth impurity concentration; and

a first overlapping region of the first conductivity type
formed 1n the surface of the semiconductor layer imme-
diately below the second gate electrode where the sec-
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ond channel region overlaps the second source region
and the second drain region, the first overlapping region
having a higher resistivity than the second source region
and the second drain region.

9. The device according to claim 8, wherein the second

impurity diffusion region contacts the overlapping region.

10. The device according to claim 7, wherein the second

impurity diffusion region covers a side surface and a bottom
surface of the second contact region.

11. A depletion MOS transistor comprising:

a gate electrode disposed on a surface of a semiconductor
layer with a gate insulating film interposed therebe-
fween,

a channel region of a first conductivity type formed 1n the
surface of the semiconductor layer close to a region
located immediately below the gate electrode, the chan-
nel region having a first impurity concentration;

a source region of the first conductivity type and a drain
region of the first conductivity type each formed 1n the

surface of the semiconductor layer and each having a
second 1mpurity concentration higher than the first
impurity concentration;

an overlapping region of the first conductivity type formed
in the surface of the semiconductor layer immediately
below the gate electrode where the channel region over-
laps the source region and the drain region, the overlap-
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ping region having a third impurity concentration higher
than the second impurity concentration;

a contact region of the first conductivity type formed 1n at
least a part of a surface of each of the source region and
the drain region and having a fourth impurity concentra-
tion higher than the second impurity concentration; and

an 1mpurity diffusion region of the first conductivity type
formed 1n a partial region of at least one of the source
region and the drain region and having a fifth impurity
concentration higher than the second impurity concen-
tration and lower than the fourth impurity concentration,

wherein the impurity diffusion region 1s formed in contact
with the contact region and away from the overlapping
region and positioned at least 1n a region between the
contact region and the overlapping region.

12. The transistor according to claim 11, wherein an impu-
rity implanted into the channel region 1s different from that
into the source region and the drain region, and

1s of the same as that into the impurity diffusion region.

13. The transistor according to claim 11, wherein the impu-
rity diffusion region i1s formed 1n both of the source region and
the drain region.

14. The transistor according to claim 11, wherein the impu-
rity diffusion region covers a side surface and a bottom sur-
face of the contact region.
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